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5 15 minutes. 5 g/L sodium carbonate was then added and the dyebath maintained at 40ºC for a 1 further 30 minutes. 2 g/L of sodium hydroxide was then added and the dyeing continued for a 2 further 60 minutes at 40ºC. The fabric was removed from the dyebath and rinsed thoroughly 3 in deionised water prior to after-soaping, final rinsing and air drying.
4
Tencel fabrics were introduced into the dye bath containing 1%, 5% and 10% o.m.f. of the C. respectively, were then added and the dye bath temperature maintained to 60ºC for a further 8 60 minutes. The dyebath was then dropped and the fabric rinsed thoroughly in deionised 9 water prior to soaping, final rinsing and air-drying. 
After-Soaping Treatment [23]
11
In order to remove any unfixed dye from the dyed Tencel, the dyed fabrics were after-soaped 12 with a 1 g/L aqueous non-ionic detergent solution at 100ºC for 15 minutes at a liquor to 13 goods ratio of 50:1. At the end of the wash-off, the dyed samples were rinsed in hot water at 14 80ºC, then in cold water and finally air-dried at room temperature. 
Application of Reactive Dyes to Cotton
16
Reactive dyeing of the cotton fabric was performed following the method described above. 
Laundering Process ISO 105 C09 Wash Test
20
The dyed fabrics were washed following the ISO 105 CO9 procedure, either with or without of the wash cycle the fabric sample was washed thoroughly in running cold water and 7 deionised water, respectively, and air-dried prior to colour analysis. The colour strength (K/S) was calculated from reflectance measurements using the single Where K is the coefficient of absorption, S is the coefficient of scatter, R is reflectance 13 expressed as a proportional value and λ is the wavelength. calculated at the λ max of the dyed fabric. Each fabric sample was folded twice in order to 18 achieve opacity.
Dye Exhaustion and Fixation Analysis [23]
Equation 2 1
Where C 0 and C 1 are the concentrations of the dye before and after dyeing (g/L), respectively, 2 and A 0 and A 1 are the absorbance values of the dyebath before and after dyeing at the λ max of 3 each dye, respectively.
4
For each dyeing, the total fixation efficiency (T), which is the percentage of the dye originally 5 applied to the fabric becoming covalently bonded, was calculated using Equation 3:
Equation 3 7
Where C 0 , C 1 and C 1 ΄ are the respective concentrations (g/L) of the dye before (C 0 ) and after 
XPS Analysis
14
XPS spectra were obtained with a Kratos Axis Ultra instrument at a base pressure of 3 × 10 -9
15
torr. The samples were irradiated with monochromatic Al K α X-rays (1486.6 eV) using a spot binding energy values were calculated relative to the carbon (1s) photoelectron at 285.0eV.
20
Charge compensation for these electrically insulating materials was achieved using a beam of 21 low energy electrons from a flood gun. To ensure reproducibility, the samples were analysed M A N U S C R I P T A C C E P T E D molecules. Therefore by using this elemental tag it is possible to probe the presence of the 6 dyes at the surface and their durability to "activated" laundering.
7 Table 1 indicates that increasing application levels of the reactive dyes in general results in a higher XPS N(1s) signal intensity at the Lyocell fibre surface.
16
INSERT TABLE 1 17
The effect of increasing the concentration of C. I. Reactive Blue 19 dye applied to the Lyocell 18 fabric was to increase the colour strength K/S and decrease fabric lightness L*, Table 2 .
19
However it is evident that colour saturation occurs between 5-10% o.m.f. of dye application 20 and as expected a relatively small colour strength increase occurs after the 5% o.m.f. and accordingly it is difficult to be confident about any surface nitrogen content changes,
11
particularly as the colour analysis indicates little visual change.
12
INSERT TABLE 2
13 Examination of Table 3 indicates the effect of the ISO 105 CO9 treatment was to reduce the 
11
This study has demonstrated that reactive dyed Lyocell is relatively stable to oxidative 12 laundering formulations and that dye will still be bound to the fibres at the end of the • Effect of oxidative bleaching on reactive dyed cellulosic surfaces and colour was evaluated.
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• The anthraquinone dye chromophore was more stable to chemical degradation than the azo dye chromophore.
• Reactive dyes will typically be present on cellulosic fibres at the end of a garments "first lifetime" usage.
• Combined acid, alkali and peroxide treatment decolourised azo-based reactive dyed cellulosic fibres but anthraquinone-based dyes were more resistant.
• The impact of reactive dyes on the potential recycling of "white" waste cellulosic feedstock and new fibre regeneration was explored.
